Immobilized cells have been suggested for many industrial applications. Advantages of immobilized cell technology include continuous utilization, retention of plasmid-bearing cells, prevention of interfacial inactivation, stimulation of production and excretion of secondary metabolites, and protection against turbulent environment (Melzoch et al., 1994; Nath and Chand, 1996; Tramper, 1990) . Potential applications of immobilized cell technology in the dairy industry have been widely examined (Champagne et al., 1994) . Some novel processes with immobilized cell technology for the continuous inoculation of milk for yogurt or cheesemaking have been suggested which constitute modern improvements of traditional batch processes. Immobilization of cells will lead to effective enhancement of cell concentration and survival and increase of process efficiency (Groboillot et al., 1994) . For fulfillment of that purpose the cell loading in immobilized preparations is one of the most important factors. Many immobilization techniques for lactic acid bacteria have been examined, but no cell loading above 5ϫ10 11 cfu/g gels has been reported (Champagne et al., 1994; Lamboley et al., 2003) . Cell immobilization has been examined extensively in the freeze-drying and storage thereafter of lactic acid bacteria, and significant improvement in survival could be obtained and cell concentration of dried samples could be raised (Champagne et al., 1996; Kornacki and Gabis, 1990; Maitrot et al., 1997; Tsen et al., 2002) . Damage to cells caused by freezing might also be reduced by immobilization . At the same time, cell immobilization of lactic acid bacteria by gel entrapment could effectively increase their tolerance to bile acid and gastric juice and promote their survival and activity in human intestinal tracts (Lee and Heo, 2000; Sun and Griffiths, 2000) . The aim of the present research is to obtain immobilized preparations of thermophilic and mesophilic lactic acid bacteria and their symbiotic culture with high cell loading (concentration of living cells higher than 10 11 cfu/g) and to investigate the survival and cell concentration in freeze-drying preparations and subsequent storage.
In the investigation the following strains of lactic acid bacteria (LAB) were used: Lactobacillus delbrueckii ssp. bulgaricus BTCC 3598, Lactobacillus casei BTCC 3364, Lactococcus lactis 1375/CHR (Hansen Laboratorium, Denmark) and Streptococcus thermophilus BTCC 3597. Liquid medium LAPT g 10 (Peral de Portillo et al., 1988) Cells were immobilized in gel beads of calcium alginate as follows. After the growth of LAB at 37°C for 24 h, the cells were separated by centrifugation (10,000 rpm for 10 min) and then resuspended in a solution of 0.9% NaCl. The suspension was mixed with a 4% solution of sodium alginate in proportion 1:1 and was extruded drop-wise from a needle (0.8 mm diameter) in cooled 0.02 M solution of CaCl 2 · 2H 2 O. The gel beads stayed in the solution of CaCl 2 no less than 30 min for hardening and were transferred into fresh nutrient medium for additional growth of the cells inside the gel. The average diameter of the beads was abount 2 mm. The cultivation of the immobilized preparations was carried out in the course of 48 h at 37°C and with slight shaking.
For the immobilization of the cells in k-carrageenan, the suspension was mixed with the solution of k-carrageenan (1.5% in 0.9% solution of NaCl) so that the biomass could become 30 mg dry weight/100 cm 3 . A mixture was extruded drop-wise from a needle (0.8 mm diameter) in a cooled solution of 3% KCl. Gel bead formation was carried out for 10-15 min with the strains L. lactis and L. casei, and for 5 min with the strains L. bulgaricus and Str. thermophilus. The average diameter of the beads was about 2 mm. The cultivation of the immobilized preparations was carried out in the course of 48 h at 37°C and with slight shaking.
For determination of the acid forming ability of the immobilized LAB, the titratable acidity (expressed in Toerner degrees, °T) was determined by titration of 10 ml of sample with N/9 sodium hydroxide (1°Tϭ0.009 g lactic acid) (Macrae et al., 1993) . Determination of the number of viable cells immobilized in Ca-alginate and k-carrageenan, was carried out by dissolving the gel beads according to the procedure of Morin (Morin et al., 1992) followed by serial dilution and plating on nutrient agar (Madigan et al., 2000) .
After cultivation of pure immobilized cultures of the lactic acid bacteria L. bulgaricus, L. casei, Str. thermophilus, and L. lactis separately and also of symbiotic cultures from the thermophilic and, respectively, from the mesophilic strains in fermentation medium with the aim of increasing the concentration of viable cells in the immobilized preparations, the gel beads were separated from the medium and lyophilized. The lyophilization was carried out on apparatus LYOVAC GT-2 (Leybold-Heraeus, Germany) under the following conditions: temperature of freezing Ϫ50°C, drying at ϩ15°C for 24 h. The concentration of viable active cells in the gel beads before and after lyophilization as well as after storage of the lyophilized immobilized preparations at temperatures 4°C and 25°C for 30 days was determined. Freeze-dried immobilized cells were depolymerized as was mentioned above and rehydrated to their original liquid volume by using 0.1% peptone water. The samples were then cultured for colony counting.
The results for immobilization of L. bulgaricus and Str. thermophilus in k-carrageenan are given in Fig. 1 (Fig. 1a) , which is by two orders higher than the data indicated in literature (Champagne et al., 1994) . The value of the titratable acidity after 24 h from the beginning of the process reached 60°T. Reproduction of the cells in the gel was not established after the 24th h. The titratable acidity, however, increased from 60 to 90°T, which shows that the cells were viable and active. Similar also were the relationships for the growth of Str. thermophilus and the symbiotic culture from the two strains, immobilized in k-carrageenan in fermentation medium ( Fig. 1, b and c). For 24 h of growth at 37°C the concentration of viable active cells in the gel beads reached values of 3.7ϫ10 13 cfu/g and 2.1ϫ10 12 cfu/g, respectively, for
Str. thermophilus and the symbiotic culture. The titratable acidity for both kinds of immobilized cells, analogous to L. bulgaricus reached 60°T for 24 h and increased to 80°T as a result of the living activity of the immobilized cells. The immobilized preparations thus obtained meet the requirements for including them as components of starters for fermented milk products and probiotics. The Ca-alginate immobilized cells of LAB and their symbiotic culture showed some differences in the increase in the titer of viable cells in the gel beads as well as increase in the utmost acidity of the medium in comparison with the cells immobilized in k-carrageenan. The experimental data, given in Fig. 2 show decreases in the time by half for reaching the maximum titer of cells (1.2 to 1.4ϫ10 12 cfu/g) in comparison
with the gel beads obtained at immobilization in k-carrageenan. With 12 h of cultivation the titratable acidity increased hardly any at 10°T for the three species of immobilized LAB, under the condition that the initial titratable acidity of the medium is 20°T. After reaching the maximum titer of the cells in the gel (12 h), the titratable acidity of the medium increased and reached up to 90°T after growth for 48 h (Fig. 2a) , which is a proof that the cells were exclusively viable in the conditions of immobilization in gel of Ca-alginate. The gel obtained had higher strength and stability in comparison with the carrageenan gel and release of cells from the surface of the gel beads was slight.
There were immobilized cells of the mesophilic L. casei and L. lactis and the symbiotic culture of the two strains in Ca-alginate. The mesophilic lactic acid bacteria, immobilized in Ca-alginate during growth in nutrient medium at 33°C increased in the gel beads, and the maximum quantity of active cells for 12-h growth reached 1.2ϫ10 12 cfu/g for the three immobilized preparations (Fig. 3) . It is obvious from the indicated figures that the cultivation up to 48-60 h did not change the character of the curves, reflecting the increase of the cells in the gel beads. Here again the titratable acidity for 12 h was of the order 30-40°T, which is 20°T higher than for the initial fermentation medium. With more prolonged cultivation of the strains, immobilized in the gel beads, the titer of the viable cells stabilized, but for the mesophilic the titratable acidity of the medium increased up to 36 h, after which it kept its course and reached values of 80-100°T. Probably, here, its increase was a result of the growth of the cells released from the surface layer of the gel beads and the viability of the cells immobilized in alginate. The cells of the pure strains L. casei and L. lactis and of the symbiotic culture from them were immobilized in k-carrageenan gel. The results given in Fig. 4 show that the titer of the viable cells in k-carrageenan beads reached values at 12 h of cultivation of 1.9ϫ 10 15 cfu/g and 4ϫ10 13 cfu/g, respectively, for L. lactis and the symbiotic culture (Fig. 4, b and c) . Certain retardation in the increase of the quantity of the cells of L. casei in the gel beads was observed. With this strain the maximum concentration of viable active cells was determined at 24 h after the beginning of inoculation (1ϫ10 13 cfu/g). In the gel matrix for the mesophilic lactic acid bacteria there were probably created better conditions for transfer of nutrient substances, which ensured also the higher quantity of active cells in comparison with the thermophilic cultures immobilized in Ca-alginate. This, in turn, represents a confirmation of the results, obtained by Arnaud and Lacroix (1991) and Prevost and Divies (1987) at immobilization of cells of pure cultures of L. casei and L. lactis in kcarrageenan. This is a proof for the advantage of this method of immobilization for the bacteria of these species. High concentration of viable active cells is reached in the immobilized preparations (up to 10 15 cfu/g), which presupposes the consideration that they are suitable for application not only as starter cultures in the dairy industry, but also as probiotic preparations. At initial titratable acidity of the medium of 20°T in the period 12-24 h it increased by 20°T (Fig. 4) . Its slight increase is probably due to the metabolite processes in the cells from the surface layer as well as to the growth of the cells released from the gel. The 110 DENKOVA, KRASTANOV, and MURGOV Vol. 50 low values measured (0.015 units optical density at lϭ440 nm nephelometrically) show the low level of release of cells from the surface layer of the gel as well as the strength and resistance of k-carrageenan beads. The increase of the titratable acidity is due almost entirely to the viable activity of the immobilized cells. High cell density, exceeding 10 11 cfu/g of gel, is one of the most important advantages of using immobilized cell technology to produce concentrated LAB. In a present research we successfully obtained immobilized preparations with LAB possessing very high cell loading (up to 10 15 cfu/g of gel) while thermophilic cultures did not reach as high bead cell counts as the mesophilic starters. As a result, the titer of viable active cells in the gel beads before and after lyophilization was determined. The experimental data, given in Tables 1 and 2 show that the process of lyophilization does not exert influence on the viability of the immobilized microbial cells for the thermophilic lactic acid bacteria. The titer of viable active cells was retained in the immobilized preparations of the thermophilic bacteria, and for the mesophilic an increase of the concentration of viable cells in the dry gel beads up to 10 16 cfu/g was ob-
served. These results indicated that cell immobilization in k-carrageenan and alginate could provide affective protection to LAB in order to reduce the damage caused by freeze-drying in this study. Gel entrapment might provide a dry mass acting as a receptor to protect the cells from osmotic shock in rehydration during recovery of the freeze-dried immobilized cells and also protect the living cells biochemically from damage during freeze-drying (Bekatorou et al., 2001) . Cell immobilization by using gel entrapment of bacterial cells combined with dehydration demonstrated the potential for long term storage (Cassidy et al., 1997) . The titer of the cells in the dry immobilized preparations was determined, after which they were left at a temperature of 0-6°C and room temperature for storage in the course of 30 days. As seen from Table 3 , the lyophilized immobilized preparations from the strains of lactic acid bacteria under study preserve their viability during storage at temperatures of 0-6°C without change for 1 month. During storage of the preparations at room temperature (20-25°C) a decrease in the titer of viable active cells by one order was observed for all immobilized dry gel beads. More sensitive towards this storage were the immobilized symbiotic culture L. bulgaricus and age for 30 days under refrigeration conditions and at room temperature, the immobilized dry gel preparations preserved their activity and met the requirements for including them as components in the starters for yoghurt and cheese and as separate pure immobilized cultures in the composition of probiotic preparations. The immobilized product obtained in this study might possess certain storage stability and the potential for health and therapeutic use. Lactic acid bacteria play an essential role in the processing of milk into fermented products such as cheeses or fermented milk because of their technological, nutritional, and eventually therapeutic properties. Some novel processes with immobilized LAB for the continuous inoculation of milk for yoghurt have been suggested (Divies et al., 1989; Linko, 1985) . Starter culture preparation is of paramount importance in the manufacture of fermented milk. Any failure in the starter preparation will, in most cases, lead to detrimental effects on the quality of the end product. With the immobilized symbiotic culture of L. bulgaricus and Str. thermophilus, there was prepared laboratory starter for yoghurt. After its pasteurization at 95°C for 25-30 min, whole cow milk with a fat content of 3.6% was inoculated with 1% of this starter. The inoculated samples were thermostated at 41°C until the coagulation of the milk. The time for coagulation of milk was 30 min longer than the time for the production starters for yoghurt. The fermented milk product obtained had a pronounced milk taste and flavor and titratable acidity immediately after coagulation at 65°T. During cooling and storage under refrigeration conditions, the acidity reached up to 90-95°T (Table 4) .
The data from Table 4 shows that the fermented milk prepared with immobilized cells of L. bulgaricus and Str. thermophilus retained its organoleptic indexes and low titratable acidity and allowed the yoghurt to be stored for 7-8 days at temperatures of 4-6°C. The fermented milk product was obtained with immobilized symbiotic culture of L. bulgaricus and Str. thermophilus, which preserved its organoleptic qualities, obtained through organoleptic analysis, during storage at temperature of 4Ϯ2°C. Organoleptic analysis was performed by evaluating four characteristics-odor, color texture, and taste. The yoghurt prepared by us with immobilized symbiotic starter culture is a direct proof for the application of this kind of starter for fermented milk products. Considering also the fact that the symbiotic immobilized cells from the starter culture were stored for 1 month at room temperature, the data from Table  4 indicates the preserved activity of the immobilized cells in the gel alginate beads, as well. The microscope picture of the fermented milk product shows an abundance of rods and cocci in a proportion of 1:5.
As noted by Dervakos and Webb (1991) , many claims have been made for potential advantageous effect of immobilization on bioprocess performance, but these remain very much dependent on the choice of operating conditions and additional research is required for substantiations. Additional research should also be carried out to characterize the biological stability (stability of the populations, resistance to bacterial contamination, and biological evolution of the strains) of the mixed strain continuous entrapped cell fermentation over extended periods of operation. 
